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I. Basis of the report 

1. With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1-8 as originally filed 

Claims, No.: 

1-3 as received on 14/11/2001 with letter of 12/11/2001 

Drawings, sheets: 

1/3-3/3 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fum»shed for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written tonm. 

□ filed together with the international applicatfon in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished, 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. iS This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 

report.) 

see separate sheet 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability (lA) 



Yes: 
No: 

Yes: 
No: 

Yes: 
No: 



Claims 1 -3 
Claims 

Claims 

Claims 1 -3 

Claims 1-3 
Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



Vlil. Certain observations on the international application 

The following obsen/ations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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R Item I 

The amendments filed with the letter of 12. 11 .2001 introduce subject-matter which 
extends beyond the content of the application as filed, contrary to Rule 70.2(c) PCT. 
The amendments concerned are the following: 

1. - Line 14 of claim 1 states that the outputs of both sensors are used in the 
determination of the actual speed of the cable. Originally disclosed was that the 
output of one sensor was used in the determination of the actual speed (cf. Fig. 4 
and page 7. lines 8-9). The objection applies mutatis mutandis to claim 3. 

2. - Line 8 of claim 1 states that the actual speed of the cable is used. Originally 
disclosed was that a signal related to the actual speed is used (cf. Fig. 4 and p. 
6, last line to p. 7 line 2 and p.7, lines 8-9). Also on line 8, it is stated that the 
detection means has "outputs". A detection means with more than one output was 
not originally disclosed. 

3. - Lines 8, 9 of claim 1 state that the "means for processing" determine the actual 
twist rate of the cable. Originally disclosed was that a phase difference signal 
representing a variation in twist rate is determined (cf. p.7, lines 2-4; 13-14). This 
also applies mutatis mutandis to claim 3. 

Thus, claims 1 and 3 do not meet the requirements of Article 34(2)(b) PCT. 
(See also item VIII. 1 below). 

Re Item V 

Citations: 

D2: US-A-4 584 875 

D3: PATENT ABSTRACTS OF JAPAN vol. 013, no. 149 (P-855), 12 April 1989 (1989- 
04-12) -& JP 63 31 1 1 10 A (SUMITOMO ELECTRIC IND LTD), 19 December 1988 
(1988-12-19) 

1. Insofar as the claims can be understood (cf. item VIII below) the following analysis 
is made: 

2. D3 (cf. Abstract and Figure) discloses an apparatus suitable for detecting the 
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speed and twist rate in a cable having at least two twisted elongate elements and 
travelling along a predetermined path. Said apparatus comprises two 
photosensors (26) positioned about said path. The light source would cast a 
varying shadow on the detection means as the cable travels along the 
predetermined path (cf. "flood light projector 25" and "projected Image"). When 
the cable passes through the light paths (18) both sensors will output signals with 
components representative of the cable speed and of the twist rate. D3 also 
discloses a means (29) for processing the output of the first detection means 
(which can be either of the two detection means) with a signal (the output of the 
second detection means) representative of the actual speed of the cable. The 
output of (29) represents a variation in the twist rate i.e the outputs of the 
photosensors become "unbalanced". 

D3 differs from claim 1 in that only one light source is used in D3 and that the 
actual speed of the cable is not determined. To the skilled person, choosing a 
separate light source for each photodetector would be the most obvious 
approach. Furthermore, said skilled person, aware that the respective outputs of 
the photosensors would contain a component related to the actual speed of the 
cable, would, if required to provide an indication of said speed, take the obvious 
approach of providing a processing means to isolate the speed component from 
the output of one of the photosensors. Thus, the skilled person would, without 
recourse to inventive skill, arrive at the solution defined in present claim 1. The 
preceding analysis is also valid mutatis mutandis for claim 3. 

4. Claim 2: The use of filters to isolate particular frequencies Is a well-known 
approach in the field (cf. D2, col. 3, lines 18-20). 

Thus, the set of claims, not involving an inventive step, does not meet the requirements 
of Article 33(3) PCT. 

Re Item VII 

1 . Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the document D3 is not mentioned in the description, nor is this 
document identified therein. 

2. According to the requirements of Rule 1 1.13(1) reference signs not appearing in 
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the description shall not appear in the drawings, and vice versa. This requirement 
is not met in view of the reference sign 16 (cf. Fig. 1). 

3. According to the requirements of Rule 1 1 .13(m) PCT the same feature shall be 
denoted by the same reference sign throughout the application. This requirement 
Is not met in view of the use of reference signs 44 and 48 on pages 6 and 7 of the 
description. 

Re Item Vlli 

1 , Claim 1 : Line 8 suggests that the [first] detection means has more than one output 
which seems not to be the case (cf. Fig. 4). Further, it is unclear if the " the 
detection means" of line 5 and "the detection means" of line 12 are one and the 
same or two separate means. Likewise, It is unclear If the "means for processing" 
of line 8 and "the processing means" of line 14 are one and the same or two 
separate means. Line 14 also suggests that the outputs of both sensors are used 
in the detemiination of the actual speed of the cable. This appears not to be the 
case (cf. Fig. 4 and page 7, lines 8-9). The preceding objection applies mutatis 
mutandis to claim 3. It would also appear that the actual speed of the cable is not 
used. Rather it would appear that a signal representative of the actual speed is 
used (cf. Fig. 4 and p. 6, last line to p. 7 line 2 and p.7, lines 8-9). Furthermore, it 
would appear that the "means for processing" of line 8 do not actually determine 
the actual twist rate of the cable. Rather, a phase difference signal representing a 
variation in twist rate is determined (cf. p.7, lines 2-4; 13-14).' This also applies 
mutatis mutandis to claim 3. 

For the purpose of the above inventive step analysis, the following assumption is 
made: There are two detection means, two processing means, only one sensor is 
used in the determination of the actual speed of the cable, a signal representative 
of the actual speed is used and a variation in the twist rate is determined. (See 
also Item I above). 

2. The embodiment of the invention shown in figures 1-3 and the corresponding 
passages in the description do not fall within the scope of the claims because this 
embodiment contains only one optical source and detection means (i.e only one 
contemplation of the variation in profile of the cable is contemplated). This 
inconsistency between the claims and the description leads to doubt concerning 
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the matter for which protection is sought, thereby rendering the claims unclear 
(Article 6 PCT). 

3. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT 

Thus, claims 1 and 3, being unclear, do not meet the requirements of Article 6 PCT. 
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CLAIMS 

1 . Apparatus for detecting the speed and twist rate in a cable having at least two 
twisted elongate elements and travelling along a predetermined path, the apparatus 
5 comprising a first sensor having a light source and detection means positioned about said 
path so that the cable interrupts the light path from the source to the detector means to cast 
a varying shadow on the detection means as the cable travels along the predetermined path, 
and means for processing the outputs the detection means with the actual speed of the cable 
to determine the actual twist rate for the cable, characterised by a second sensor spaced 

10 apart along said path a predetermined distance from said first sensor, the second sensor 
having a light source and detection means positioned about said path so that the cable 
interrupts the light path from the source to the detection means to cast a varying shadow on 
the detection means as the cable travels along the predetermined path, and in that the 
processing means determines said actual speed of the cable from the outputs of said first 

15 and second sensors. 



20 



2. Apparatus according to Claim 1, including for each sensor, a filter having a 
passband based around a frequency corresponding to the speed of the cable along said 
predetermined path. 



3. A method for detecting the speed and twist rate in a cable having at least two 
twisted elongate elements and travelling along a predetermined path, the method 
comprising the step monitoring the variation in profile of the cable as it passes a first 
location along said path to provide a first measurement signal and processing the first 
25 measurement signal with a signal representative of the actual speed of the cable to 

AMBWEO SHEET 
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determine the twist rate characterised by the step of monitoring the variation in profile of 
the cabie as it passes a second location along said path spaced a predetermined distance 
from said first location to produce a second measurement signal, and processing the &st 
and second measurement signals to produce therefrom said signal representative of the 
5 actual speed of the cable. 
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(57) Abstract: The apparatus includes a transducer (12) coupled to a wheel driven by the cable (4) to indicate the speed of travel of 



00 
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so 

^ the c^le. A calibration unit (18) converts this speed in collaboration with a nominal twist rate set into the unit, into an output signal 
having a frequency equal to the nominal twist frequency of the cable. A detection assembly (10) downs^eam of the wheel (6) detects 

2 the variations in thickness of the twisted cable as it passes and thus produces a signal having a frequency component directly related 
to the actual twist rate. An analyser (]8) conducts a fourier analysis on the output of the detector and, with the aid of the nominal 

Q twist frequency, is able to select the frequency component representative of the actual twist frequency. The actual twist frequency 

^ is compared with die nominal twist frequency by a comparator (20) and the resulting difference signal is fed back to the twisting 

^ assenibly. 
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^S (57) AbstntcU The apparatus includes a transducer (12) coi^led to a wheel driven by the cable (4) to indicate the speed of travel of. 

^ the cable. A calibration unit (18) converts tiiis speed in collaboration with a nominal twist rate set into the unit, into an output signal 
having a frequency equal to the nominal twist frequency of the cable. A detection assembly ( 10) downstream of the wheel (6) detects 

2 the variations in thickness of the twisted cable as it passes and thus produces a signal having a frequency component directly related 
to the actual twist rate. An analyser (18) conducts a fourier analysis on the output of the detector and, with the aid of the nominal 
twist frequency, is able to select the frequency component representative of the actual twist frequoocy. The actual twist firequency 

^ is compared with the nominal twist frequency by a comparator (20) and the resulting difference signal is fed back to the twisting 

^ assembly. 
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APPARATUS AND METHODS OF DETECTING AND CONTROLLING TWISTS 
IN MULTICORE CABLES 

The present invention relates to methods and apparatus for detecting and controlling 
5 twists in multicore cables. 

Cables used for telecommunication and other high technology supplications are 
required to be manufactured to high specifications since the way in which two cr more 
conductors are twisted together can eCTect attenuation and crosstalk. 



Generally, cables which have two or more conductors twisted together rely on the 
i^aratus g^erating the twist to ensure that the twisting takes place in a regular and 
uniform manner. However, in practice, the twist produced will vary and this in turn will 
vary the attenuation within the conductors and the crosstalk between them. 



It is an object of the present invention to provide apparatus and method of 
measuring the twist in a twisted cable as it is being manufactured so that with the aid of 
feedback, the twisting action can be modified to reduce non-uniformity towards zero. 



10 



15 



20 



According to the present invention, there is provided apparatus for detecting the 
twist in a multistrand or multicore cable into which a nominal twist per unit l^gth is 
introduced, the apparatus comprising means for measuring the speed at which the cable 
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travels and producing a reference signal having a frequency equal to the nominal twist rate 
of the cable, means for measuring the variation of a transverse dimension of the cable when 
viewed from a fixed point near which the cable passes, to produce an output signal 
including a frequency component equal to the twist frequency, an analyser for conducting 
S an analysis on the ou^ut and conditioned by the reference signal to output only a 
measurement signal having said twist frequency. 

The analysis may be a Fourier analysis, or a timing analysis, or other type of 
analysis. 

10 

According to the present invention, there is iuitfaer provided a method of detecting 
twist in a multistrand or multicore cable con4>rising the steps of monitoring the variation in 
profile of the cable as it passes a predetermined location to produce a measurement signal 
having a frequency compon^t equal to the actual frequency of twist, determining the 
IS nominal twist frequency of the cable, conducting an analysis of the measurement signal and 
with the aid of the nominal twist frequency separating out from the measurement signal the 
component having the actual frequ^cy of twist. 

According to the present invention there is still ftirther provided apparatus for 
20 detecting the speed and twist rate in a cable having at least two twisted elongate elements 
and travelling along a predetermined path, the q}paratus comprising first and second 
sensors spaced apart along said path by a predetermined distance, each sensor comprising a 
light source and detection means positioned about said path so that the cable interrupts the 
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light path from the source to the detector means to cast a varying shadow on the detector as 
the cable travels along the predetermined path, and means for processing the outputs of the 
two detector means to detennine the actual speed and twist rate or the deviation, if any, 
from the actual speed and twist rate. 

The outputs of the detector means may be used in conjunction with a nominal speed 
and twist rate for the cable, to detennine the actual speed and twist rate or deviation. 



Apparatus and methods for detecting and controlling the twists in multicore cables, 
10 will now be described, by way of example, with reference to the accompanying 
diagrammatic drawings, in which: 

Figure 1 is a plan view of the ^paratus; 

Figure 2 is a fit>nt elevation of the ^paratus of Figure 1 ; 

Figure 3 is a view from one side of the optical detection system of the apparatus of 
15 Figures 1 and 2; and 

Figure 4 is a front elevation of another ^aratus embodying the invention. 



Figure 1 shows part of the twisted cable production line. Individual strands or 
conductors are taken from separate supply reels (not shown) and fed through a twisting 
20 assembly 2 in which orbital rotary components (not shown) produce a twist in the cable. 
The twisted cable 4 emerging from the assembly 2 passes over a pair of spaced supporting 
wheels 6 and 8. A detection arrangement 10 straddles the cable as it passes between the 
wheels 6 and 8. 
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The shaft of the wheel 6 is coupled to a transducer 12 which provides an output 
proportional to the speed of the wheel which in turn is dependent upon the speed of travel 
ofthecable4. 

5 The output of the transducer 12 is fed to a calibration unit 14. The calibration unit 

has an adjustable input which can be set to the nominal number of 360** twists that the 
twisting assembly induces per unit length of the cable. The frequency fnt of the output 
signal of the calibration unit is thus arranged to equal nominal rate or frequency at which 
the conductors turn about each other (the twist frequency) as tbey pass over the wheel 6. 

10 

A detection assembly 10 downstream of the wheel 6 measures the variation in the 
lateral dimension of the cable as the conductors twist about each other and the resultant 
signal produced will include a number of frequency components including &e actual twist 
frequency of the cable. The output of the detection assembly 10 is fed to an analyser 1 8 
1 S which conducts a Fourier analysis on the input signal. The analyser 1 8 also receives the 
ref^ence frequency fref which it uses to establish a bandwidth to select only the actual twist 
frequency component ft from the multitude of different frequency components established 
by the Fourier analysis. 

20 Other types of analysis may be used, eg timing analysis. 

This twist frequency component f[ is fed together with the reference frequency fief to 
comparator 20 which produces a difference signal f<j. The difference signal of frequency 
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is fed back to the twisting assembly which responds by adjusting the twisting action in a 
sense to reduce the difference to zero. 

Figure 3 shows the detection assembly 10 in more detail. As shown, a light emitter 
22, on one side of the cable 4, is directed at a light receiver 24 in the opposite side of the 
cable. A first lens 26 located between the emitter 22 and the cable produces parallel rays of 
light, some of which are interrupted by the cable 4. Another lens 28 between the cable 4 
and the receiver 24 receives the non-intercepted light and focuses the rays on the receiver 
24. 

As can be seen as the twist progresses, the amount of light intercepted by the cable 
will vary and so will the shadow cast by the light on the receive 24. Hence, the output 
signal from tiie receiver will have a frequency component equal to tiie twist frequency. 

The q>paratus shown in Figure 4 is arranged to provide a first output indicative of 
the twist rate of a cable consisting of twin twisted strands or conductors and a second 
output indicative of the speed of the cable. Both of these parameters can be used in 
feedback systems to control the production of the cable. 

As shown, the twisted cable 36, emerging from a twisting assembly 30, is supported 
by a downstream roller 32. A light shield 34 ^tending above the cable 36 is provided with 
two slots 34A and 34B spaced apart in the longitudinal direction of the cable 36 and 
extending tangential to the cable. 
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A light shield 38 extending below the cable 36 is also provided with two slots 38A 
and 38B spaced apart in tiie longitudinal direction of the cable and extending tangential to 
the cable. The slots 34A and 34B are in du^t alignment with re^ective slots 38A and 
38B. 

A light source 40 projects a beam of li^t fluough slots 34A and 38 A and a photo- 
detector 42 receives the light emerging from the slot 38A. Similarly, a light source 46 
projects a beam of light through the slots 34B and 38B and a photo-detector 48 receives the 
li^t emerging from ihc slot 38B. 

A filter 50 is connected to receive the ou^ut from the detector 44 and passes a 
signal having a frequency over a specific range. 



A filter 52, similar to the filter 50, is connected to receive the ou^ut of the photo- 
15 detector 48. A phase comparator 54 is connected to the outputs of the two filters 44 and 48 
and provides a phase difference or error signal at an output temunal 56. 

A processor 58 receives the output of the filter 50 to provide a speed or ^eed error 
signal at output terminal 60. 

20 

In operation, as the twisted cable passes between respective pairs of slots 34A, 38A 
and 34B and 38B, it will present a varying profile and so the shadow it casts on respective 
photo-detectors 44 and 48, will vary in a generally sinusoidal maimer. The output signal 
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fiom the detectors will thus include a selected frequency component related to the speed of 
the cable, assuming the twist rate remains constant. Any variation in the twist rate will 
manifest itself in a phase change in selected £requency components in the outputs of the two 
detectors 44 and 48. 

5 

The two filters 50 and 52 are airanged to have a relatively narrow passband having a 
centre frequency coiresponding to the nominal twist frequency of the cable wh^ run at 
nominal speed. The processor 58, upon receiving the output signal from the filter 50, 
coverts it into a speed signal which is then fed to the output 60. Instead^ the processor 58 
1 0 may compare the output signal from the filter 50 with a nominal value and then feed an 
error signal to the output 60. 

The phase comparator 54 compares the phases of the two output signals firom the 
filters 50 and 52 and provides a difference signal at output 56. Instead, the comparator may 
1 5 compare the phase difference with a nominal phase diffidence and feed an error signal to 
the terminal 56. 



The signals at the outputs 60 and 56 can be fed back to the assembly 30 to maintain 
the speed and twist rate of the cable substantially constant. 

20 

It will be appreciated that while the detection assembly is described as an optical 
sensor, other sensors which can detect a change in the twist of the cable can equally be 
used, for example, a capacitive or ultrasonic detection system. 
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In some embodiments, it may not be necessary to deteimine th nominal twist 
fiequeacy and twist rate for a cable. 
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CLAIMS 

1 . Apparatus for detecting the twist in a multistraiid or multicore cable into which a 
nominal twist per unit length is introduced, the ^paratus comprising means for measuring 

5 the speed at which the cable travels and producing a reference signal having a fiequency 
equal to the nominal twist rate of the cable^ means for measuring the variation of a 
transverse dimension of the cable when viewed firom a fixed poiut near which the cable 
passes to produce an output signal including a frequency component eqtial to the twist 
frequency, an analyser for conducting an analysis on the output and conditioned by the 
10 reference signal to output only a measurement signal having said twist frequency. 

2. Apparatus according to Claim 1 » including a comparator for comparing the 
reference frequency signal and the measur^ent signal and producing a control signal 
rq>resentative of the frequency difference. 

15 

3. Apparatus according to Claim 1 or to Claim 2» wherein said measuring means 
comprises capacitive means. 

4. Apparatus according to Claim 1 or to Claim 2, wherein said measuring means 
20 comprises ultrasonic means. 

5. Apparatus according to Claim 1 or to Claim 2, wherein said measuring means 
comprises optical means. 
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6. Apparatus according to Claim 5, \^erein said optical means comprises a light 
emitter directed at a light detector positioned on the opp . site side of the cable path to the 
emitter, a first lens for directing the light fiom the emitter in parallel rays across the cable 
and a second lens for receiving the parallel light rays fiom the first lens and not interrupted 

5 by the cable and focusing them on the detector. 

7. Apparatus as claimed in any preceding claim, wherein the analyser conducts a 
Fourier analysis. 

10 8. Apparatus as claimed in any of Claims 1 to 6, wherein the analyser conducts a 
timing analysis. 

9. A method of detecting twist in a multistrand or multicore cable comprising the steps 
of monitoring the variation in profile of the cable as it passes a predetermined location to 
1 5 produce a measurement signal having a frequency component equal to the actual frequency 
of twist, detmnining the nominal twist frequency of the cable, conducting an analysis of 
the measurement signal and with the aid of the nominal twist frequency separating out from 
the measurement signal the component having the actual frequency of twist. 



20 



10. A method according to Claim 9, including the step of comparing the actual 
frequency of the twist with the nominal frequency and producing a difference signal 
representation of the difference. 
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11. A method according to Claim 10, including the step of using the difference 
frequency to adjust the twisting apparatus producing the twist in the cable in a sense to 
reduce the difference in frequ^cy to zero. 



5 12. A method as claimed in any of Claims 9 to 1 1 , wherein a Fourier analysis is 
conducted on the measurement signal. 

13. A method as claimed in any of Claims 9 to 1 1, wherein a timing analysis is 
conducted. 

10 

14. Apparatus for detecting the speed and twist rate in a cable having at least two 
twisted elongate elements and travelling along a predetennined path, the apparatus 
comprising first and second sensors spaced apart along said path by a predetermined • 
distance, each sensor comprising a light source and detection means positioned about said 

1 5 paUi so that the cable interrupts the light path from the source to the detector means to cast 
a varying shadow on the detector as the cable travels along the predetennined path, axid 
means for processing the outputs of the two detector means to determine, in conjunction 
with a nominal speed and twist rate for the cable, the actual speed and twist rate or &e 
deviation, if any, &om the actual speed and twist rate. 

20 

15. Apparatus according to Claim 1 1 , including for each sensor, a filter having a 
passband based around a frequency corresponding to the speed of the cable along said 
predetermined path. 
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1 6. Apparatus f r detecting the twist in a multistxand or multicore cable substantially 
hereinbefoie described, with reference to the accompanying drawings. 

17. A method of detecting the twist in a multistrand or multicore cable, substantially j 
hereinbefore described. 
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